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Previous studies have found that words are identified most quickly when the eyes fixate near the word
center (the Optimal Viewing Position, OVP) in alphabetic languages. Two experiments were performed to
determine the presence of OVP effects during the processing of isolated Chinese words. Participants’ eye
movements were recorded while they performed a lexical decision task. The results suggest that Chinese
readers exhibit OVP effects and that the OVP tends to be the first character for 2-character words. For 3-
and 4-character words, the OVP effects appear as a U-shaped curve with a minimum towards the second
character. As fixations deviate from the OVP, word processing times increase at a rate of 30–70 ms per
character, and fixation duration is strongly influenced by the initial viewing position. Moreover, the pres-
ent study did not observe an I-OVP effect for first fixation durations nor a fixation-duration trade-off in
two-fixation cases in the case of isolated Chinese words processing.
 2013 Elsevier Ltd. All rights reserved.1. Introduction
The goal of the present study was to investigate during the
reading of isolated Chinese words, the optimal viewing position
(OVP) effect, a very well know phenomenon in the reading of
alphabetic languages. A word tends to be most efficiently recog-
nized when the eyes initially fixate on the OVP, which tends to
be near the center of short words and slightly to the left of the cen-
ter of long words (O’Regan & Lévy-Schoen, 1987; O’Regan et al.,
1984; Van der Haegen, Drieghe, & Brysbaert, 2010). As the initial
viewing position deviates from the OVP, processing time increases
at a rate of 20–30 ms per letter (O’Regan et al., 1984). The OVP pat-
tern found with isolated words could provide key insights into
understanding visual word recognition processes (Brysbaert, Vitu,
& Schroyens, 1996; Clark & O’Regan, 1999; O’Regan & Jacobs,
1992). Brysbaert and Nazir (2005) proposed that it may be due
to an interplay of many factors including visual acuity, information
structure of the word stimuli, perceptual learning based on reading
habits and hemisphere lateralization.
Besides affecting the efficiency of word recognition, the initial
viewing position also influences eye movement behavior in alpha-
betic languages (Hyönä & Bertram, 2011; Joseph et al., 2009;
McConkie et al., 1988, 1989; McDonald, Carpenter, & Shillcock,
2005; Nuthmann, Engbert, & Kliegl, 2007; Vitu et al., 2001; Vitu,
O’Regan, & Mittau, 1990). In natural sentence reading, eye move-
ment studies have documented that readers initially tend to fixatell rights reserved.
hology, Chinese Academy ofon a point between the beginning and the center of a word, which
has been referred to as the preferred viewing location (PVL) effect
(Rayner, 1979). McConkie et al. (1988) have proposed that the tar-
get of the initial fixation within a word is near the center of the
word and corresponds to the OVP, but that the fixation location
shifts from the OVP to the PVL due to both systematic and random
oculomotor errors. Consequently, the OVP may represent the opti-
mal position for word perception, while the PVL represents the ac-
tual fixation location in sentence reading.
The initial viewing position influences several indexes of eye
movement behavior such as refixation probability and fixation
times. During the processing of isolated words and words in sen-
tences, the frequency of a refixation within a word is lowest when
the initial fixation is near the center of the word. As the initial fix-
ation deviates from the word center, readers are more likely to
refixate the word. This Refixation-OVP effect has been replicated
in many studies (Hyönä & Bertram, 2011; Joseph et al., 2009;
McConkie et al., 1989; McDonald & Shillcock, 2005; Nuthmann,
Engbert, & Kliegl, 2005; Rayner, Sereno, & Raney, 1996; Vitu, Lanc-
elin, & d’Unienville, 2007; Vitu, O’Regan, & Mittau, 1990; Vitu et al.,
2001). Correspondingly, the Gaze-Duration OVP effect shows that
the total fixation time on a word during the first time reading is
shorter for initial fixations that occur near the center of the word
than towards the word’s ends (O’Regan, 1990; O’Regan & Jacobs,
1992; O’Regan et al., 1984). However, the Gaze-Duration OVP ef-
fect is weaker during sentence reading than during the reading
of isolated words (Nuthmann, Engbert, & Kliegl, 2005; Rayner,
Sereno, & Raney, 1996; Vitu, O’Regan, & Mittau, 1990). Further-
more, Vitu et al. (2001) reported an inverted optimal viewing posi-
tion (I-OVP) effect, demonstrating that the duration of single
46 P. Liu, X. Li / Vision Research 81 (2013) 45–57fixations, as well as the duration of the first of two fixations, is
longer when fixations are located toward the center of words than
when they are located near the words’ ends (McDonald, Carpenter,
& Shillcock, 2005; Vitu, Lancelin, & d’Unienville, 2007; Vitu et al.,
2001). Meanwhile, words that are fixated twice exhibit a fixa-
tion-duration trade-off effect (Hyönä & Bertram, 2011; McDonald,
Carpenter, & Shillcock, 2005; O’Regan & Lévy-Schoen, 1987; Vitu,
O’Regan, & Mittau, 1990; Vitu et al., 2001). Two consecutive fixa-
tions tend to consist of either a brief initial fixation on a nonopti-
mal word region followed by a longer fixation within the word
or of a longer initial fixation near the OVP followed by a shorter fix-
ation within the word.
In the past 20 years, several theories and models of eye move-
ment control in reading have been proposed which provide alter-
native explanations for viewing position effects. Some models
have assumed that eye movement behavior is largely influenced
by oculomotor constraints, whereas other models have assumed
that eye movements are driven by ongoing lexical processing (for
a review see Rayner, 2009). O’Regan and Lévy-Schoen (1987) pro-
posed the strategy-tactics theory, which suggests an oculomotor
interpretation for the Refixation-OVP effect. The basic assumption
is that within-word eye behavior is determined by readers’ prede-
termined oculomotor scanning routines and by their perceptual
experiences that words are most easily processed when the eyes
fixate on their center. When the eyes fixate on a word, a detection
mechanism might first estimate the current fixation location on
the word, and then decide where to send the eyes next. If the eyes
land near the word center, a single fixation is planned since the
word is likely to be recognized with a single fixation. If the eyes fix-
ate near one of the word’s ends, a refixation is automatically pro-
grammed, thus producing the Refixation-OVP effect. This theory
is supported by research findings that the Refixation-OVP effect
also occurs during the processing of meaningless letter strings,
which does not involve language processing (Nazir, 1991;
Nuthmann & Engbert, 2009; Vitu et al., 1995).
An alternative account of the Refixation-OVP effect comes from
cognitive-control models, such as the E–Z Reader (Pollatsek,
Reichle, & Rayner, 2006; Reichle et al., 1998; Reichle, Pollatsek, &
Rayner, 2012,; Reichle, Rayner, & Pollatsek, 1999, 2003), SWIFT
(Engbert, Longtin, & Kliegl, 2002; Engbert et al., 2005; Richter,
Engbert, & Kliegl, 2006), Glenmore (Reilly & Radach, 2006) and oth-
ers. Note that Glenmore proposes a mixed account of the Refix-
ation-OVP effect, assuming that it results from early visuo-motor
strategies and later, ongoing word identification processing. These
models assume that the degree of difficulty of ongoing word
processing affects both refixation probability and fixation dura-
tion: the more difficult a word is, the higher the refixation proba-
bility and the longer the fixation duration is. When the eyes fixate
on the center of the word, where visual word recognition is most
efficient, a within-word refixating saccade is less likely to occur
than when the eyes fixate towards one of the word’s ends. If the
eyes land far from the word center, it may be difficult to recognize
the word, and the eyes have to fixate on the word again, producing
a Refixation-OVP effect. Recently, McDonald, Carpenter, and Shill-
cock (2005) presented the SERIF model, which offers new insight
into how anatomical, oculomotor, and perceptual-visual factors
combine to produce eye movement behavior in reading. However,
the model did not include explanations for within-word
refixations.
Several models and theories have attempted to account for the
fixation-duration trade-off. The strategy-tactics theory assumed
that the same amount of time is necessary for any given word to
be identified (O’Regan & Lévy-Schoen, 1987; Vitu, O’Regan, & Mit-
tau, 1990). Thus, the longer the time demanded by the detection
mechanism, the less additional time is needed for word recogni-
tion. When a word receives two consecutive fixations, the first fix-ation duration is assumed to be longer toward the word center
than toward its ends, whereas the second fixation duration is in-
versely related to the eyes’ initial viewing position. Thus, the the-
ory can account for the fixation-duration trade-off effect.
Recently, some interpretations have been proposed to explain
the I-OVP effect. First, the mislocation hypothesis assumes that sin-
gle fixations or the first of multiple fixations that fall on the word
boundaries are not intentional, but are the result of the oculomotor
system overshooting or undershooting the center of words (Eng-
bert et al., 2005; Nuthmann & Engbert, 2009; Nuthmann, Engbert,
& Kliegl, 2005, 2007). These mislocated fixations would subse-
quently trigger early saccade programs, thereby decreasing the fix-
ation duration near the word boundaries and also increasing the
likelihood of refixations due to the needs of ongoing processing.
Second, an anatomical account was proposed in McDonald, Car-
penter, and Shillcock’s (2005) SERIF model to explain the I-OVP ef-
fect. This assumes that the stimuli present in the right side of the
fovea are projected onto the left hemisphere, whereas stimuli in
the left side of the fovea are projected onto the right hemisphere.
Prolonged fixations at the word center result from prolonged com-
petition when the information content is similar between the left
and right hemispheres. In contrast, when the fixation lands on
one of the word’s ends, the competition will be soon over due to
unbalanced competitors. Third, Vitu, Lancelin, and d’Unienville
(2007) proposed the perceptual-economy hypothesis to explain
the I-OVP effect (see also Vitu et al., 2001). The hypothesis assumes
that fixation durations are prolonged at locations in words that are
anticipated to provide greater information for word identification.
When the eyes land on a word, their location relative to the word
boundaries is first estimated, then based on this estimation and the
reader’s perceptual experience, the onset time of the next saccade
is determined. Because most information for word recognition can
be extracted from the word center, the hypothesis predicts the lon-
gest fixation will occur at the word center, regardless of whether it
is followed by a second fixation or not. Thus, the hypothesis can ac-
count for both the fixation-duration trade-off and the I-OVP effect.
Although the OVP as well as fixation-duration trade-off effects
have been examined in alphabetic languages, the results found
may not generalize to Chinese. First, written Chinese differs from
English because there are no physical cues (e.g., spaces) between
written words, and Chinese readers must identify words based
on lexical knowledge and contextual information (Hoosain, 1991;
Li, Rayner, & Cave, 2009). Second, Chinese words are typically
shorter than words in alphabetic languages. According to the Chi-
nese Lexicon (2003), 2.8% of Chinese words are 1-character words,
63.9% are 2-character words, 17.5% are 3-character words, 14.2%
are 4-character words, and less than 1.7% contain more than four
characters. In contrast, word length in English is highly variable
and ranges from 1 to more than 20 letters (Inhoff & Liu, 1998).
Third, the characters forming words in Chinese are part of a set
of more than 5000 Chinese characters. In contrast, English words
are composed of letters drawn from a set of 26 letters. Fourth, indi-
vidual Chinese characters differ in complexity due to variations in
the number of strokes, the number of radicals, and the manner of
construction. Thus, characters in Chinese have considerably greater
information density than letters in English (Hoosain, 1991; Yan
et al., 2006). In addition, Chinese and English readers exhibit differ-
ent perceptual spans. In Chinese, the span extends from 1 character
to the left of fixation to 2–3 characters to the right of fixation; in
English, it extends from 3–4 letters to the left of the fixation to
approximately 14–15 letters to the right of the fixation (Inhoff &
Liu, 1998). Consequently, the eye movement control during read-
ing might differ in Chinese as compared to alphabetic languages
such as English. Thus, it is necessary to separately determine the
extent to which the initial viewing position affects word recogni-
tion in Chinese.
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betic languages such as Chinese and Japanese, and they show dif-
ferent patterns of results across tasks (Kajii, Nazir, & Osaka,
2001; Li, Liu, & Rayner, 2011; Sainio et al., 2007; Shu et al., 2011;
Tsai & McConkie, 2003; White, Hirotani, & Liversedge, 2012; Yan
et al., 2010; Yang & McConkie, 1999). In Japanese, Kajii, Nazir,
and Osaka (2001) and Sainio et al. (2007) reported that the PVL
peaked at the beginning of a word for Kanji–Hiragana text. Sainio
et al. (2007) found that landing initially in the word beginning re-
sulted in longer gaze duration and total fixation time relative to the
middle or end zone of words. Recently, White, Hirotani, and Livers-
edge (2012) found that there was no PVL for two-character kanji
words. In Chinese, Yan et al. (2010) and Shu et al. (2011) have
found that saccades landed near the word center for single fixa-
tions, whereas saccades landed near the word beginning for the
first of multiple fixations. However, Li, Liu, and Rayner (2011) have
presented simulation results showing that even a simple model
that assumes that saccades travel constant distances could gener-
ate the same types of initial fixation distributions as observed by
Yan et al. (2010). Additionally, Li, Liu, and Rayner (2011) found that
there is no evidence that Chinese readers target any specific posi-
tion within a word during Chinese reading. Moreover, several other
studies have not found the PVL phenomenon in Chinese reading
(Tsai & McConkie, 2003; Yang & McConkie, 1999). Thus, unlike
PVL in alphabetic languages, there is no direct evidence of a PVL
in Chinese, perhaps due to the lack of spaces separating words in
written Chinese.
In addition, several studies have reported Refixation-OVP and I-
OVP effects in natural reading. Regarding refixation strategies, both
Chinese and Japanese readers produce monotonically decreasing
rather than quadratic trends functions. When the first fixation oc-
curs at the word beginning, the probability of refixating on a word
is highest (Kajii, Nazir, & Osaka, 2001; Li, Liu, & Rayner, 2011; Yan
et al., 2010). Yan et al. (2010) found the I-OVP effect for single-fix-
ation durations on 2-character words with four levels of half char-
acter zones in natural Chinese reading: an inverted U-shaped curve
of single fixation duration as a function of initial landing position
with a maximum towards the first half character zone of the sec-
ond character. Note that the effect was numerically much smaller
than in alphabetic languages, perhaps due to the greater informa-
tion density and physically smaller words in Chinese than in alpha-
betic languages. Based on the features of Chinese words, an I-OVP
effect may not necessarily be predicted in the present study.
At the same time, less is known regarding systematic OVP ef-
fects during word recognition in logographic writing systems such
as Chinese. An OVP effect similar to that found in alphabetic lan-
guages might be found during the processing of isolated Chinese
words because word boundaries of isolated words can be detected
by participants. Indeed, according to both the strategy-tactics the-
ory and the perceptual-economy account of the fixation-duration
I-OVP effect, visuo-motor strategies based on the extraction of
word boundaries underlie the effects of fixation location on eye
behavior. If Chinese readers have developed perceptual-motor
strategies, Refixation-OVP and I-OVP effects may be observed and
this for word and non-word stimuli. However, because there are
no inter-word spaces in Chinese reading, it is unclear whether Chi-
nese readers have indeed developed perceptual-motor strategies
which rely on the extraction of word boundary information, similar
to readers of alphabetic languages.
The present study explores how initial viewing position affects
the processing of isolated Chinese word using the same paradigm
that was used to study the OVP effects in alphabetic languages
(O’Regan & Jacobs, 1992; O’Regan et al., 1984). The initial viewing
position in words was systematically manipulated by shifting
words horizontally relative to an imposed initial viewing position,
and variations in processing time and eye behavior were measuredas a function of initial viewing position. In the two experiments,
stimuli were either words or nonwords of variable lengths (2–4
characters), and participants were asked to perform a lexical deci-
sion task. In Experiment 1, the stimulus was presented for 80 ms,
and only accuracy and lexical decision time were reported. In
Experiment 2, the stimulus was presented for unlimited duration,
and word recognition performance as well as eye movement mea-
sures were reported.2. Experiment 1
2.1. Methods
2.1.1. Participants
Twelve native Chinese speakers (6 females) with normal or cor-
rected-to-normal vision were recruited from universities in Beijing
near the Institute of Psychology and were paid 35 Yuan (approxi-
mately five US dollars) to participate in the experiment. They ran-
ged in age from 22 to 30 years old (M = 22.9, SD = 2.5). All
participants were unaware of the purpose of the experiment.
2.1.2. Materials
The stimuli consisted of 540 words and 540 nonwords. The
word stimuli were selected from the Chinese Lexicon (2003). The
nonword stimuli were constructed by combining randomly se-
lected characters. During pretesting, 3 native Chinese speakers
agreed that all of the words in the word condition were valid
words, that the nonword stimuli were not words, and that none
of these consecutive characters in the nonword strings could com-
bine to compose a word. For word stimuli, the mean word fre-
quency was 13.7 (SD = 45.4) occurrences per million, the mean
character frequency was 937.6 (SD = 1383.5) occurrences per mil-
lion, and the mean number of strokes per character was 8.0
(SD = 2.5). For nonword stimuli, the mean character frequency
was 932.9 (SD = 1334.2) occurrences per million and the mean
number of strokes per character was 8.1 (SD = 2.5).
Both word and nonword stimuli were composed of 2, 3, or 4
characters, and each character within a stimulus served as an ini-
tial viewing position during the experiment. There were 60 stimuli
in each of the position conditions for the different word and non-
word lengths. Thus, there were 120, 180, and 240 stimuli for 2-,
3-, and 4-character words, respectively. In total, there were 1080
experimental trials that were presented in random order to each
participant after 36 practice trials. Although each participant
viewed the entire set of word and nonword stimuli, the character
that served as the initial viewing position for a particular stimulus
differed across participants. For each word or nonword, equal
numbers of participants viewed the stimuli at any of possible ini-
tial viewing positions. For example, for a 3-character word, four
participants viewed it at the first character, four participants
viewed it at the second character, and another four participants
viewed it at the third character. Because the same word was pre-
sented to different participants with different initial viewing posi-
tions, the effect of the initial viewing position for words of a
particular length could be determined. However, the design did
not allow the results for words that differed in length to be com-
pared because words differing in length also differed in their fre-
quency, complexity, and character features. Although
investigation of these factors might be worthwhile, it was beyond
the scope of the present research.
2.1.3. Apparatus
Eye movements were recorded with an EyeLink 1000 eye track-
er (SR Research, Osgoode, Canada). Although viewing was binocu-
lar, only the right eye was monitored. The materials were displayed
Table 1
Mean accuracy for the lexical decision task of all stimuli lengths on the imposed
initial viewing positions in Experiments 1 and 2.
Stimuli length Character 1 Character 2 Character 3 Character 4
Experiment 1
Word
2-Character .96 (.01) .96 (.01)
3-Character .96 (.01) .93 (.01) .88 (.02)
4-Character .96 (.01) .98 (.01) .95 (.01) .87 (.02)
Nonword
2-Character .84 (.03) .86 (.02)
3-Character .94 (.02) .95 (.01) .93 (.02)
4-Character .88 (.04) .92 (.03) .92 (.04) .88 (.05)
Experiment 2
Word
2-Character .97 (.01) .98 (.01)
3-Character .93 (.01) .94 (.01) .90 (.02)
4-Character .98 (.01) .96 (.01) .97 (.01) .96 (.01)
Nonword
2-Character .90 (.02) .93 (.02)
3-Character .97 (.01) .97 (.02) .97 (.01)
4-Character .95 (.01) .95 (.02) .97 (.01) .97 (.01)
Notes: Standard errors appear in parentheses.
Fig. 1. Lexical decision times for all stimulus lengths as a function of the initial
viewing position in Experiment 1.
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a refresh rate of 150 Hz that was connected to a Dell PC. All mate-
rials were presented in white (RGB: 255, 255, 255) on a light gray
background (RGB: 128, 128, 128). The contrast was low to prevent
participants from experiencing eye fatigue. Each stimulus was dis-
played on a single line in Song 24-point font, and the size of each
Chinese character was 32  32 pixels. Participants were seated at
a viewing distance of 58 cm from the computer monitor; at this
viewing distance, each character subtended a visual angle of
approximately 1.2.
2.1.4. Procedure
Participants were tested individually. Their eye movements
were recorded while they performed a lexical decision task for
each series of character strings by pressing a button. At the begin-
ning of the experimental session, participants performed a calibra-
tion procedure by looking at a sequence of three fixation points
that were horizontally displayed randomly at the middle of the
computer screen; the calibration error was less than 0.5 of visual
angle. At the beginning of each trial, a fixation cross (subtending
approximately 0.6  0.6) was displayed at the center of the
screen. After participants fixated on this cross for 300 ms, it was re-
placed by the stimulus display. After the stimulus had been dis-
played for 80 ms, it was replaced by a blank screen with the
same gray background (RGB: 128, 128, 128). We checked partici-
pants’ initial fixation location with respect to the fixation cross to
ensure that it was in the region of the fixation cross. The initial fix-
ation location was landed on the site where the fixation cross was.
Participants identified whether the stimulus was a word or a non-
word by pressing one of two keys as accurately and as quickly as
possible. The next trial began immediately following the response.
Calibration validation was conducted at the beginning of each trial.
The eye tracker was checked and recalibrated if necessary prior to
the presentation of each stimulus. Participants were given frequent
short breaks between trials to prevent fatigue, and calibration was
redone after short breaks between trials. The experiment lasted
approximately an hour and a half.
2.2. Results and discussion
Data from trials with incorrect responses (6.3% of the word tri-
als and 9.7% of the nonword trials) or trials with RTs that were
three standard deviations above or below the participant’s mean
RT (2.5% of the word trials and 5.2% of the nonword trials) were ex-
cluded in all analyses except accuracy analyses. For each word or
nonword condition, and for each length of the stimuli, a re-
peated-measure analysis of variance (ANOVA) was performed with
initial viewing position as the within-participant factor.
2.2.1. Accuracy
The mean accuracy of responses was 94% (SD = 2.5%). Table 1
shows mean accuracy as a function of stimulus lengths and initial
viewing positions. The initial viewing position did not affect accu-
racy for 2-character words, F < 1.0, but affected accuracy for 3-
character words [F(2,22) = 11.69, MSE = .002, p < .01, g2p = .52]
and 4-character words [F(3,33) = 19.12, MSE = .001, p < .001,
g2p = .64]. For 3-character words, only the linear trend was signifi-
cant, F(1,11) = 18.71, MSE = .002, p < .01, g2p = .63. For 4-character
words, both the linear and quadratic trends were reliable, F
(1,11) = 18.02, MSE = .003, p < .001, g2p = .62, and F(1,11) = 32.93,
MSE = .001, p < .001, g2p = .75, respectively. However, the cubic
trend was not reliable, F < 1.0. Moreover, the initial viewing posi-
tion had a hint of an effect to affect accuracy for 4-character non-
words [F(3,33) = 2.85, MSE = .002, p = .05, g2p = .21], indicating that
in this particular case, the curve showed an inverted U-shape
trend. However, the initial viewing position did not affect accuracyfor 2- and 3-character nonwords, FS < 2.0. Meanwhile, the results of
all pairwise comparisons between the different initial viewing
positions for word stimuli in Experiment 1 are provided in Appen-
dix A.
In contrast to Brysbaert, Vitu, and Schroyens’s (1996) previous
study in alphabetic languages, the accuracy in this study was high
and it was not affected as much by initial viewing position. This re-
sult may have been due to the presentation of the stimuli being not
followed by a visual mask so that participants could continue to
process stimuli even when they disappeared from the display.2.2.2. Reaction time
Fig. 1 presents the mean RTs for 2-, 3-, and 4-character stimulus
lengths as a function of the initial viewing position. For 2-character
words, RT was significantly shorter when the initial viewing posi-
tion was on the first character than when it was on the second
character, F(1,11) = 20.68, MSE = 312.73, p < .001, g2p = .65. RTs for
3- and 4-character words exhibited a U-shaped curve as a function
of the initial viewing position, and RT was shortest when the initial
viewing position was on the second character. These observations
were confirmed by main effects found for initial viewing position
on RT for 3-character words [F(2,22) = 18.81, MSE = 306.50,
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MSE = 541.82, p < .001, g2p = .70]. Both the linear and quadratic
trends were reliable for 3-character words [F(1,11) = 26.12,
MSE = 328.29, p < .001, g2p = .70, and F(1,11) = 10.39, MSE = 284.71,
p < .01, g2p = .49] and 4-character words [F(1,11) = 42.36,
MSE = 743.99, p < .001, g2p = .79, and F(1,11) = 20.77, MSE = 506.47,
p < .01, g2p = .65]. The response time increased at a rate of approxi-
mately 33 ms per character as the initial fixation deviated from the
minimum of the curve.
For nonwords, the initial viewing position has little effect on 2-
character nonwords (F < 1.0). RTs exhibited a U-shaped curve as a
function of the initial viewing position with a minimum at the sec-
ond character for 3-character nonwords and the third character for
4-character nonwords. These observations were confirmed by
main effects found for the initial viewing position on 3- and 4-
character nonwords, F(2,22) = 7.11, MSE = 238.88, p < .01, g2p = .39,
and F(3,33) = 3.38, MSE = 461.90, p < .05, g2p = .24, respectively.
The quadratic trend was reliable for both 3-character nonwords
[F(1,11) = 30.30, MSE = 99.25, p < .001, g2p = .73] and 4-character
nonwords [F(1,11) = 7.44, MSE = 486.97, p < .05, g2p = .40]. None of
the other effects in trend analyses were reliable, Fs < 2.0. The re-
sponse time increased at a rate of approximately 16 ms per charac-
ter as the initial fixation deviated from the minimum of the curve.
It is worth noting that stimuli type (word or nonword) was not
submitted to the ANOVAs in the above analyses because the char-
acter properties for these two kinds of stimuli were not matched.
Directly comparing the effects of these two stimuli type might
have brought too much noise. Hence, we performed ANOVAs sep-
arately above for word and nonword stimuli. To give some sense
on whether viewing position effects were different for word and
nonwords, we conducted a two-factor ANOVA (stimulus type and
initial landing position) on RTs for each stimulus length. The re-
sults revealed significant interaction for 2-, 3-, and 4-character
stimuli (all ps < .01). We found that the effects of initial viewing
position on RTs for nonwords were relatively smaller than for
words, suggesting that word processing may influence OVP effects.
Since this study was not designed to explore this question, we did
not explore these differences further.
In summary, the present experiment revealed that the initial
viewing position affected the processing time of Chinese words
and nonwords presented in isolation. The lexical decision time
was shorter when the initial viewing position fell on the first char-
acter rather than the second character for 2-character words, but
not for 2-character nonwords. For 3- and 4-character words and
nonwords, RTs as a function of initial viewing position appeared
as a U-shaped curve with a minimum towards the second or third
character.3. Experiment 2
In Experiment 1, the stimuli were presented briefly so that Chi-
nese readers did not have a chance to move their eyes. As stated in
the introduction, some eye movement measures are important for
us to understand the effect of initial viewing position on word pro-
cessing. In Experiment 2, the stimuli remained onscreen until par-
ticipants responded so that eye movement measures could be
recorded. As in Experiment 1, participants were instructed to per-
form a lexical decision task as accurately and as quickly as possible.3.1. Method
3.1.1. Participants
Twelve native Chinese speakers (7 females) were recruited from
the same participant pool as that in Experiment 1 and were paid to
take part in the experiment. They ranged in age from 20 to 27 yearsold (M = 23.1, SD = 2.0). None of them had participated in Experi-
ment 1.
3.1.2. Materials
The materials were identical to those used in Experiment 1.
3.1.3. Apparatus
The apparatus used in Experiment 1 was employed with the fol-
lowing modifications. Each stimulus was displayed on a single line
in Song 26-point font. The size of each Chinese character was
35  35 pixels. Participants were seated at a viewing distance of
58 cm from the computer monitor. At this viewing distance, each
character subtended a visual angle of approximately 1.3.
3.1.4. Procedure
The procedure was identical to that of Experiment 1 with the
following modifications. At the beginning of each trial, a white
square (subtending approximately 0.9  0.9) was displayed in
the center of the screen. Once the participant fixated on the white
square, two vertically aligned line segments separated by a gap
that was the height of one character were displayed in the center
of the screen. Participants were instructed to fixate on the space
between the lines. After 500 ms, the lines were replaced by the test
stimulus display (see Fig. 2). Although the test stimulus appeared
at different positions relative to the previously displayed space be-
tween the vertical lines, participants were always asked to fixate
on this space when the stimulus appeared. The stimulus remained
visible until the participant responded by pressing one of two keys
that indicated whether the stimulus was a word or a nonword. Par-
ticipants were instructed to respond as accurately and as quickly as
possible. The next trial began immediately after the response.
3.2. Results and discussion
We found that the participants’ eyes following the 500-ms pre-
sentation of the fixation bars were at the expected location in 86%
of trials. The trials in which the eyes had shifted to another letter
location were not excluded from analyses, because the analyses
conducted after the exclusion of these trials provided findings sim-
ilar to the results reported below. Data from trials with incorrect
responses (approximately 4.0% of the word trials and 4.1% of the
nonword trials) or trials with RTs that were three standard devia-
tions above or below the participant’s mean RT (2.5% of the word
trials and 3.5% of the nonword trials) were excluded in all analyses
except accuracy analyses.
We examined accuracy and RTs as well as eye movement mea-
sures for the word and nonword stimuli. To determine the extent
to which viewing position affected eye behavior, we analyzed the
following eye movement measures: (a) refixation probability (the
probability that the stimulus was fixated more than once), (b) first
fixation duration (the duration of the first fixation on the stimulus,
regardless of the number of fixations), (c) single fixation duration
(the duration of the first fixation on the stimulus if the stimulus re-
ceived only one fixation), and (d) first and second fixation durations
in two-fixation cases (the duration of the first and the second fixa-
tion on the stimulus if the stimulus received two fixations). Note
that fixation durations included time on the stimulus and they
did not include time spent fixating on the fixation bars.
3.2.1. Global measures
Accuracy. The mean accuracy of responses was 95% (SD = 2.6%).
For 4-character words, the initial viewing position affected accu-
racy, F(3,33) = 4.90, MSE = .00, p < .01, g2p = .31, and accuracy was
higher when the initial fixation fell on the first character than
when it fell on any other character (see Table 1). The initial viewing
position did not affect accuracy for nonwords of 4 characters as
Fig. 2. An example of the paradigm used in Experiment 2 to investigate the OVP (O’Regan & Jacobs, 1992) for the Chinese 4-character word 出类拔萃 (‘‘outstanding”). The
word was presented so that on different trials the initial fixation would fall on different character positions. It should be noted that the two vertically aligned line segments
and the stimulus were not displayed simultaneously. Participants were first instructed to fixate successfully on the white square, and second on the space between the two
line segments for 500 ms. Then the lines disappeared and the test stimulus was displayed. The stimulus remained visible until the participant responded as to whether it was
a word or a nonword.
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Because accuracy was high and the differences between the initial
viewing position conditions were not large, this finding will not be
discussed further.
Reaction time. For words, the initial viewing position affected
RTs for all of the word lengths (see Fig. 3). These observations were
confirmed by main effects of initial viewing position for 2-character
words, F(1,11) = 27.17, MSE = 1252.70, p < .001, g2p = .71; 3-charac-
ters words, F(2,22) = 18.38, MSE = 1810.50, p < .001, g2p = .63; and
4-character words, F(3,33) = 36.80, MSE = 1464.03, p < .001,
g2p = .77. RTs for 2-character words were shorter when the initial
fixation fell on the first character than when it fell on the second
character. RTs for 3- and 4-character words exhibited a U-shaped
curve as a function of the initial viewing position with a minimum
towards the second character. A trend analysis confirmed that
these effects were reliable. For 3-character words, both linear
and quadratic trends were significant, F(1,11) = 25.94, MSE =
1651.33, p < .001, g2p = .70, and F(1,11) = 12.04, MSE = 1969.67,Fig. 3. Lexical decision times for all stimulus lengths as a function of the initial
viewing position in Experiment 2.p < .01, g2p = .52, respectively. For 4-character words, the linear, qua-
dratic, and cubic trends were significant, F(1,11) = 55.44,
MSE = 1773.98, p < .001, g2p = .83; F(1,11) = 25.91, MSE = 1655.32,
p < .001, g2p = .70; and F(1,11) = 21.18, MSE = 962.79, p < .001,
g2p = .66, respectively. These results suggest that the initial viewing
position affects RTs for words presented in isolation. Meanwhile,
the results of all pairwise comparisons between the different initial
viewing positions for word stimuli in Experiment 2 are provided in
Appendix B.
For nonword stimuli, the initial viewing position affected RTs
similarly (see Fig. 3). These effects were significant for 2-character
nonwords, F(1,11) = 14.05,MSE = 1485.13, p < .01, g2p = .56; 3-char-
acter nonwords, F(2,22) = 12.46, MSE = 1440.27, p < .001, g2p = .53;
and 4-character nonwords, F(3,33) = 15.43, MSE = 1773.53,
p < .001, g2p = .58. RTs for 2-character nonwords were shorter when
the initial fixation fell on the first character. RTs for 3- and 4-charac-
ter nonwords exhibited a U-shaped curve with aminimum towards
the second character. A trend analysis confirmed that these effects
were reliable. For 3-character nonwords, both linear and quadratic
trends were significant, F(1,11) = 23.27, MSE = 1044.17, p < .01,
g2p = .68, and F(1,11) = 6.31,MSE = 1836.37, p < .05, g2p = .37, respec-
tively. For 4-character nonwords, the linear, positive quadratic, and
cubic trends were significant, F(1,11) = 23.20, MSE = 1254.70,
p < .01, g2p = .68; F(1,11) = 9.48, MSE = 2893.37, p < .05, g2p = .46;
and F(1,11) = 21.79, MSE = 1172.53, p < .01, g2p = .67, respectively.
Moreover, the results of all pairwise comparisons between the dif-
ferent initial viewing positions for nonword stimuli in Experiment
2 are provided in Appendix C. Meanwhile, for both word and non-
word stimuli, the response time increased at a rate of approximately
72 msper character as the initial fixation deviated from theminimal
response time. These results suggest that initial viewing position af-
fects RTs for nonwords in a similar manner as words.3.2.2. Eye movements
Refixation probability. As shown in Fig. 4, the initial viewing po-
sition affected refixation probability for 2-character words [F
Fig. 4. Refixation probability for all stimulus lengths as a function of the initial
viewing position in Experiment 2.
Fig. 5. Fixation durations (a: first fixation duration; b: single fixation duration) for
stimulus lengths as a function of the initial viewing position in Experiment 2.
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(2,22) = 13.97, MSE = .02, p < .001, g2p = .56], and 4-character words
[F(3,33) = 16.22, MSE = .01, p < .001, g2p = .60]. For both 2- and 3-
character words, the refixation probability was lower when the ini-
tial fixation fell on the first character than when it fell on any other
character. For 3-character words, a polynomial trend analysis
showed that the linear trend was reliable [F(1,11) = 21.79,
MSE = .02, p < .01, g2p = .66], though the quadratic trend was not sig-
nificant, F < 1.0. For 4-character words, the linear and cubic trends
were reliable [F(1,11) = 24.36, MSE = .01, p < .001, g2p = .69; and F
(1,11) = 17.17, MSE = .01, p < .01, g2p = .61], although the quadratic
trend was not reliable, F(1,11) = 2.15, MSE = .01, p = .17, g2p = .16.
For nonword stimuli, the initial viewing position also had a
strong effect on the refixation probability for 2-character non-
words [F(1,11) = 19.12, MSE = .02, p < .01, g2p = .64], 3-character
nonwords [F(2,22) = 8.66, MSE = .01, p < .01, g2p = .44], and 4-char-
acter nonwords [F(3,33) = 5.01, MSE = .01, p < .01, g2p = .31]. For 3-
character nonwords, the linear trend was reliable [F(1,11)
= 14.19, MSE = .01, p < .01, g2p = .56], though the quadratic trend
was not significant, F < 1.0. For 4-character nonwords, the qua-
dratic and cubic trends were reliable [F(1,11) = 5.74, MSE = .00,
p < .05, g2p = .34; and F(1,11) = 5.54, MSE = .01, p < .05, g2p = .34],
although the linear trend was marginally significant, F(1,11)
= 3.89, MSE = .01, p = .07, g2p = .26.
In summary, for both 2- and 3-character words and nonwords,
the refixation probability was lower when the initial fixation fell
on the first character than when it fell on any other character. Per-
haps the great information density and importance of perceptual
learning in Chinese may cause the refixation OVP to be on the first
character for 2- and 3-character words and nonwords. For both 4-
character words and nonwords, the refixation probability as a
function of initial viewing position exhibited a U-shaped curve
with a minimum towards the second character. These results sug-
gest the presence of Refixation-OVP effect, and indicate that the
initial viewing position affects refixation probability for nonwords
with a similar pattern to that for words presented in isolation.
First fixation duration. The durations of the first fixation were af-
fected by the initial viewing positions for both 3-character words
[F(2,22) = 9.01, MSE = 1311.85, p < .01, g2p = .45] and 4-character
words [F(3,33) = 8.60, MSE = 983.79, p < .001, g2p = .44]. However,
no relationship was found for 2-character words, F(1,11) = 2.19,
MSE = 1082.52, p = .17, g2p = .17. As shown in Fig. 5a, for 3- and 4-
character words, first fixation duration showed a U-shaped curve
as a function of initial viewing position with a minimum towards
the second character. For 3-character words, the quadratic trend
was reliable, F(1,11) = 33.55, MSE = 746.91, p < .001, g2p = .74. For4-character words, the cubic trend was significant, F(1,11)
= 93.38, MSE = 159.34, p < .001, g2p = .90, and the linear [F(1,11)
= 3.82, p = .08] and quadratic [F(1,11) = 3.73, p = .08] trends were
marginally significant.
For nonword stimuli, the results were similar. The initial view-
ing position affected first fixation duration for both 3-character
nonwords [F(2,22) = 7.01, MSE = 1497.12, p < .01, g2p = .39] and 4-
character nonwords [F(3,33) = 3.62, MSE = 1279.48, p < .05,
g2p = .25], but not 2-character nonwords (p = .82). As shown in
Fig. 5a, RTs showed a U-shape curve as a function of initial viewing
position with a minimum towards the second character of 3- and
4-character nonwords. For 3-character nonwords, the quadratic
trend was significant [F(1,11) = 18.71, MSE = 1090.03, p < .01,
g2p = .63], and the linear trend was not reliable, F < 1.0. For 4-char-
acter nonwords, the cubic trend was significant [F(1,11) = 16.39,
MSE = 818.51, p < .01, g2p = .60], and the linear and quadratic trends
were not reliable, Fs < 1.0.
Single fixation duration. For 4-character stimuli, there were less
than 10 items that were fixated only once on average in each initial
viewing position. Having few items per condition may result in a
pattern of effects that may not be generalizable to a wider range
of materials. Thus, we will present results only for 2- and 3-charac-
ter words and nonwords because there were a reasonable number
of data points for single fixations (i.e., there were more than 20
items on average for each initial viewing position). Single fixation
duration varied with the initial fixation location for both 2-charac-
ter words [F(1,11) = 5.70, MSE = 1418.22, p < .05, g2p = .34] and 3-
character words [F(2,22) = 20.26, MSE = 2774.19, p < .001,
g2p = .65]. Fig. 5b shows a U-shape curve of single fixation duration
as a function of initial viewing position with a minimum towards
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both linear and quadratic trends were reliable, F(1,11) = 8.26,
MSE = 4718.89, p < .05, g2p = .43; F(1,11) = 88.57, MSE = 829.48,
p < .001, g2p = .89, respectively.
The results of the nonwords showed a similar pattern. For
2-character nonwords, initial viewing position had a marginally
significant effect on single fixation duration, F(1,11) = 3.99,
MSE = 3009.18, p = .07, g2p = .27. For 3-character nonwords, initial
viewing position had a strong significant effect on single fixation
duration, F(2,22) = 17.32, MSE = 3830.11, p < .001, g2p = .61. Fig. 5b
also shows an U-shape curve of single fixation duration as a func-
tion of initial viewing position with a minimum towards the sec-
ond character of 3-character nonwords. For 3-character
nonwords, both linear and quadratic trends were reliable, F
(1,11) = 9.43, MSE = 2948.48, p < .05, g2p = .46; F(1,11) = 22.26,
MSE = 4711.74, p < .01, g2p = .67.
In prior studies, single fixation duration was longest when eyes
located at the center of a word (Nuthmann, Engbert, & Kliegl, 2007;
Vitu et al., 2001; Vitu, Lancelin, & d’Unienville, 2007; Yan et al.,
2010). The results of the current study did not replicate the
I-OVP effect. The different pattern may be due to the nature of
the stimulus display or task, and not necessarily just due to differ-
ences in language. The results show that the OVP effect also gener-
alizes to single fixation duration. We will discuss this further later.
First and second fixation duration in two-fixation cases. The fixa-
tion-duration trade-off in two-fixation cases shows that the dura-
tion of the first fixation is longest and the duration of the second
fixation is shortest when the eyes initially fixate near the center
of words (McDonald, Carpenter, & Shillcock, 2005; Vitu et al.,
2001; Vitu, Lancelin, & d’Unienville, 2007). The present results
tested the presence of a fixation-duration trade-off in Chinese.
Note that these analyses are all conditional on the location of the
first fixation only. The results showed that there was some reliable
effect for 3- and 4-character stimuli, but not for 2-character
stimuli.
Figs. 6a–c present the fixation durations for trials with two
fixations as a function of the initial viewing position for 2-, 3-,Fig. 6. The mean duration of first and second fixations for two-fixation cases as a function
(c) 4-character words in Experiment 2. The error bars represent standard errors.and 4-character words. For word stimuli, the analysis included
data from trials with only two fixations—31% of the trials for
2-character words, 44% of the trials for 3-character words, and
49% of the trials for 4-character words. Quadratic analyses of the
data revealed significant effects on 3- and 4-character words for
first fixation durations [F(1,11) = 9.63, MSE = 1903.51, p < .05,
g2p = .47; F(1,11) = 9.51, MSE = 948.48, p < .05, g2p = .46], but no
significant effects for second fixation durations (Fs < 1.0). These re-
sults indicate that there is no reliable trend for the duration of the
second fixation as a function of initial viewing position, but there is
a significant quadratic trend for the duration of the first fixation.
Thus, for 3- and 4-character words, first fixation duration curves
show a larger effect of initial viewing position than second fixation
duration curves do. The initial viewing position only influenced the
duration of the first fixation and in a direction opposite to what is
classically found, and hence opposite to the I-OVP effect. Addition-
ally, the results found for word stimuli did not replicate the fixa-
tion-duration trade-off for alphabetic languages (Hyönä &
Bertram, 2011; McDonald, Carpenter, & Shillcock, 2005; O’Regan
& Lévy-Schoen, 1987; Vitu et al., 2001).
Figs. 7a–c present the duration of first and second fixations for
trials with two fixations as a function of the initial viewing position
for 2-, 3-, and 4-character nonwords. For nonword stimuli, the data
of two-fixation cases subsumed 40% of the trials for 2-character
nonwords, 47% of the trials for 3-character nonwords, and 44% of
the trials for 4-character nonwords. A quadratic analysis of data re-
vealed significant effects for first fixation duration on 3-character
nonwords [F(1,10) = 19.92, MSE = 837.29, p < .01, g2p = .67], but
not on 4-character nonwords, F < 1.0. Interestingly, unlike what
was found for word stimuli, quadratic analysis revealed a signifi-
cant effect on second fixation duration for 3-character nonwords
[F(1,10) = 6.97, MSE = 969.61, p < .05, g2p = .41] and a marginally
significant effect for 4-character nonwords, F(1,10) = 3.51,
MSE = 733.95, p = .09, g2p = .24. As shown in Fig. 7b, in two-fixation
cases, the duration of the first fixation was shortest for initial fixa-
tions that occurred at the second character, and the duration of the
second fixation exhibited the opposite tendency, with the longestof the initial viewing position for: (a) 2-character words, (b) 3-character words, and
Fig. 7. The mean duration of first and second fixations for two-fixation cases as a function of the initial viewing position for: (a) 2-character nonwords, (b) 3-character
nonwords, and (c) 4-character nonwords in Experiment 2. The error bars represent standard errors.
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word data showed a fixation-duration trade-off, but the pattern
was exactly opposite to that found in prior studies as there was
no I-OVP effect for the duration of first fixations (Nuthmann, Eng-
bert, & Kliegl, 2007; Vitu et al., 2001; Vitu, Lancelin, & d’Unienville,
2007; Yan et al., 2010).
Similar to Experiment 1, we conducted a two-factor ANOVA
(stimulus type and initial landing position) on RTs and eye behav-
ior reported above for each stimulus length. For 3- and 4-character
stimuli, the results revealed significant interaction for RTs and
refixation probability (all ps < .05). We also found that the effect
of initial viewing position on RTs for nonwords were relatively
smaller than for words, suggesting that word properties may influ-
ence OVP effects. Nevertheless, for other measures, the interaction
was not significant (ps > .10).4. General discussion
In two experiments, we explored how initial viewing position
affects word processing efficiency. Overall, the results were consis-
tent with findings for alphabetic languages except for the duration
of first fixation, which was minimal and not maximal at the center
of words (Brysbaert & Nazir, 2005; Deutsch & Rayner, 1999; Farid &
Grainger, 1996; Hyönä & Bertram, 2011; O’Regan & Jacobs, 1992;
O’Regan et al., 1984; Van der Haegen, Drieghe, & Brysbaert, 2010;
Vitu, O’Regan, & Mittau, 1990). The OVP in the processing of iso-
lated Chinese words tends to be slightly to the left of the center
of the word, where processing time is minimal. For 2-character
words and nonwords, RTs were shorter when the initial viewing
position was on the first character than when it was on the second
character. For 3- and 4-character words and nonwords, we ob-
served a U-shaped curve of RTs as a function of initial viewing po-
sition with a minimum towards the second character. As the
fixation location deviated from the OVP, for word stimuli, there
was a time cost which increased at a rate of 30–70 ms per charac-
ter, which was slightly greater than the processing time cost re-
ported for French (O’Regan et al., 1984).Many factors may contribute to the word-identification OVP ef-
fect. Brysbaert and Nazir (2005) argued that OVP effects may be
caused by four factors: (1) decreases of visual acuity as distance
from the fixation location increases, (2) word beginnings providing
more information than word endings for word identification, (3)
perceptual learning based on reading habits (e.g., letters are recog-
nized in the right visual field more often for languages that are read
from left to right), and (4) most letters falling on the right visual
field when the left side of a word is fixated allowing the informa-
tion to be directly processed by the language-dominant left hemi-
sphere. Thus, findings that the OVP in word recognition of most
alphabetic languages is biased to the left of the word center may
be due to the structure of the word stimuli, perceptual learning,
or hemispheric asymmetry in word processing. Recently, Hsiao
and Liu (2012) found similar OVP effects for the area left of the cen-
ter of the face in facial recognition, which suggests that perceptual
experience exerts greater influence than hemisphere asymmetry in
visual processing. Thus, we will discuss the extent to which the
first three factors might contribute to OVP effects in Chinese below.
First, the visual acuity limitation may explain the finding that as
the distance between fixation location and OVP location increased,
the participants’ performance to recognize the stimulus was re-
duced. Previous investigations have suggested that the decrease
in visual acuity with retinal eccentricity contributes to the OVP ef-
fects for word recognition, because visual acuity decreases with a
character’s distance from the location of fixation, resulting in a loss
of visual information (Brysbaert & Nazir, 2005; Nazir, 1991; Ray-
ner, 2009; Vitu, Lancelin, & d’Unienville, 2007). When participants
were required to fixate on the beginning or end of the stimulus, vi-
sual-acuity limitations reduced participants’ ability to recognize
the words. Thus, in the present study, response times were longer
for 2-, 3- and 4-character words and nonwords when the initial fix-
ation fell on the final character, or to a smaller extent the first char-
acter of 3- and 4-character words, than when it fell on other
characters.
However, participants did not find it difficult to recognize a
word or nonword when the fixation occurred at the beginning of
the stimulus. In both experiments, response times were shorter
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on the final character. These results suggest that word beginning
may play an important role in word-identification OVP effect. Prior
studies have demonstrated that the initial letter of a word provides
a great deal of information, and knowledge of the initial letter is
more effective than knowledge of the final letter for word identifi-
cation (Broerse & Zwaan, 1966; Brysbaert & Nazir, 2005; Eriksen &
Eriksen, 1974; Li & Pollatsek, 2011; White et al., 2008; Yan et al.,
2006). However, the importance of first character may not account
for the OVP effects found for nonword stimuli, because the individ-
ual Chinese characters in nonwords were randomly selected
regardless of the first or final characters.
Consequently, perceptual learning based on reading habits
(Brysbaert & Nazir, 2005; Deutsch & Rayner, 1999; Farid & Grain-
ger, 1996; Nazir et al., 2004; Wong & Hsiao, 2012) might account
for the word-identification OVP effect. Because Chinese is read
from left to right, words are repeatedly recognized in the same
location in the visual field. Chinese readers form the reading habits
to process information from left to right. As a result, when the ini-
tial fixation occurs at the location that readers most often fixate
while reading, word recognition is more effective (Brysbaert & Na-
zir, 2005; Ducrot & Pynte, 2002). Reading habits can also account
for the OVP effect in nonword stimuli, because the information in
the right visual field may be more effectively processed than that
in the left visual field so that the OVP might be slightly to the left
of the word center. Several prior studies have explored the effect of
reading direction and morphological structure on OVP effects
(Deutsch & Rayner, 1999; Farid & Grainger, 1996; Nazir et al.,
2004). These studies raise the question of how these factors may
influence the OVP effects in Chinese; this will need further investi-
gation. In any case, reading habits and/or direction might play crit-
ical roles in word-identification OVP effects during the processing
of isolated Chinese words and nonwords as indexed by lexical deci-
sion time and accuracy.
Furthermore, we also observed some interesting eye-movement
related OVP effects. Specially, a Refixation-OVP effect was found
for both 4-character words and nonwords, showing that the refix-
ation probability was lower when the eyes initially fixated near the
center of a word than towards its beginning or end. The findings
were consistent with the results of prior studies (e.g., Nazir,
1991; O’Regan et al., 1984; Vitu, O’Regan, & Mittau, 1990; Vitu
et al., 1995; Vitu, Lancelin, & d’Unienville, 2007). For 2- and 3-char-
acter words, the refixation probability was lower when the initial
viewing position was on the first character than when it was on
the other characters. Moreover, the study showed that refixation
probability increased as word length increased. Although the effect
of word length in the present study could be due to differences in
word frequency, complexity, and character features, it is still con-
sistent with the effect of word length reported in previous studies
(Joseph et al., 2009; Plummer & Rayner, 2012; Rayner et al., 2011).
However, the present study did not observe the fixation-duration I-
OVP effect found in alphabetic languages (Nuthmann, Engbert, &
Kliegl, 2005; Vitu et al., 2001; Vitu, Lancelin, & d’Unienville,
2007). The study also did not reveal a fixation-duration trade-off
for 2-fixation cases in words and that the one observed for non-
words was in the opposite direction to the one typically reported.
The effect of initial viewing position on eye movement mea-
sures was similar for word and nonword stimuli. The results were
consistent with prior studies using letter strings in a mindless-
reading task (Nazir, 1991; Nuthmann, Engbert, & Kliegl, 2007; Vitu
et al., 1995). The similar OVP effects for words and nonwords sug-
gest that predetermined oculomotor strategies might be an impor-
tant determinant of the viewing position effect, and may play a
greater role than ongoing lexical processing (Nazir, 1991; Vitu
et al., 1995). Interestingly, several studies found similar OVP effects
for facial recognition and music reading, which do not contain anylinguistic information to process (Hsiao & Liu, 2012; Wong & Hsiao,
2012). The present finding suggests that OVP effects may be more
related to perceptual experience or oculomotor strategies and
therefore that ongoing lexical processing may not contribute
much. According to the strategy-tactics theory, readers’ predeter-
mined oculomotor scanning routines and perceptual experience
may determine within-word eye behavior. Thus, the finding of
OVP effects in the processing of isolated Chinese words is consis-
tent with the predictions of the strategy-tactics theory.
Although the initial viewing positions affected eye movements
similarly for words and nonwords, the effects, on some measures,
for nonwords were relatively smaller than for words. For 3- and
4-character stimuli, the results revealed significant interaction be-
tween stimulus type and initial viewing position for RTs in both
experiments. For 2-character stimuli, the results revealed signifi-
cant interaction for RTs in Experiment 1. These results suggest that
viewing position affects eye behavior differently for word and non-
word stimuli, and that word properties also influence OVP effects.
Further studies are needed to specifically address this question.
The present study did not show a fixation-duration trade-off in
two-fixation cases nor an I-OVP effect for first fixation durations in
the case of word stimuli. There was some kind of a fixation-dura-
tion trade-off for nonwords, but simply exactly opposite to what
is usually found in alphabetic languages (Hyönä & Bertram,
2011; McDonald, Carpenter, & Shillcock, 2005; Nuthmann, Engbert,
& Kliegl, 2005; O’Regan & Lévy-Schoen, 1987; Vitu et al., 2001;
Vitu, Lancelin, & d’Unienville, 2007). Likewise, in natural Chinese
reading, Yan et al. (2010) did not find the fixation-duration
trade-off but observed a reliable I-OVP effect for 2-character
words: an inverted U-shaped curve of single fixation duration as
a function of initial landing position with a maximum towards
the first half character zone of the second character.
One possibility for the difference between the present findings
and those reported by Yan et al. (2010) on the I-OVP effect in the
reading of Chinese sentence could potentially arise from differ-
ences between isolated word recognition and natural sentence
reading. However, it should be noted that the I-OVP effect in alpha-
betic languages was reported not only during natural reading
(Nuthmann, Engbert, & Kliegl, 2005; Vitu et al., 2001) but also dur-
ing isolated word recognition (Vitu, Lancelin, & d’Unienville, 2007).
Thus, the reading paradigm cannot be the whole explanation. An-
other possibility for the different pattern may be due to the use
of different word stimuli or stimuli display in Yan et al.’s (2010)
study and the present study. Note however that the present study
was not designed to explore this question, and further studies are
needed to fully understand the discrepancy between the two sets
of findings.
Additionally, the absence of an I-OVP effect did not support the
anatomical account in SERIF model (McDonald, Carpenter, & Shill-
cock, 2005). According to the anatomical account, fixation duration
would be longer when participants fixate on the second character
of 3- and 4-character words as opposed to fixating on one of words’
ends because of prolonged competition when the information con-
tent is similar between the left and right hemispheres. However,
the results showed that fixation duration was shorter on the sec-
ond character, and hence did not support the predictions of the
anatomical account.
According to Vitu, Lancelin, and d’Unienville’s (2007) percep-
tual-economy account, if Chinese readers have developed the same
perceptual-motor strategies relying on extraction of word bound-
ary information as English readers, I-OVP or fixation-duration
trade-off may be observed. However, these effects were not de-
tected in the processing of isolated Chinese words. Perhaps Chinese
readers do not develop similar perceptual-motor strategies due to
the lack of inter-word spaces. Noticeably, the presence of percep-
tual-motor strategies in Chinese readers should be explored in
P. Liu, X. Li / Vision Research 81 (2013) 45–57 55the future. Meanwhile, the present study cannot rule out the mis-
location hypothesis, because there were no mislocated fixations
arising from oculomotor errors as the eye’s initial fixation location
in words was determined experimentally. The I-OVP effect and its
mechanisms in Chinese still need further investigation.
In summary, the present study found that OVP effects occurred
during the processing of isolated Chinese words. In Chinese, the
OVP might be slightly to the left of the center of the word. The
OVP tended to fall on the initial character for 2-character words.
For 3- and 4-character words, the OVP effect appears as a U-shaped
curve with a minimum towards the second character. The present
study may be the first systematic study to explore the OVP effects
in the processing of isolated Chinese words, and may help eluci-
date visual word recognition in Chinese.
Acknowledgments
This research was supported by the Knowledge Innovation
Program of the CAS (KSCX2-YW-BR-6), by a grant from the Nat-
ural Science Foundation of China (31070904). We thank Profes-Table A1
Accuracy and reaction time measures: ANOVA results of the pairwise comparisons betw
Experiment 1.
Accuracy_Words Reaction
F MSE g2p F
3-Character words
Char 1 vs Char 2 4.28+ .001 .28 .00
Char 1 vs Char 3 18.71 .004 .63 26.12
Char 2 vs Char 3 8.29 .004 .43 27.74
4-Character words
Char 1 vs Char 2 2.46 .73
Char 1 vs Char 3 1.03 5.50
Char 1 vs Char 4 18.38 .006 .63 40.84
Char 2 vs Char 3 5.62 .001 .34 7.75
Char 2 vs Char 4 27.60 .005 .72 37.97
Char 3 vs Char 4 28.24 .003 .72 31.33
Note: The degrees of freedom were (1, 11) for the pairwise comparison. Char = Characte
* p < .05.
** p < .01.
*** p < .001.
+ .05 < p < .10.
Table B1
Reaction time and eye movement measures: ANOVA results of the pairwise comparisons b
Reaction time Refixation probability
F MSE g2p F MSE
3-Char words
Char 1 vs Char 2 .35 6.35 .02
Char 1 vs Char 3 25.94 3303 .70 21.79 .04
Char 2 vs Char 3 45.34 2475 .81 10.56 .02
4-Char words
Char 1 vs Char 2 8.64 2192 .44 2.71
Char 1 vs Char 3 6.72 2806 .38 25.43 .01
Char 1 vs Char 4 30.97 4112 .74 10.97 .03
Char 2 vs Char 3 80.91 1361 .88 35.52 .02
Char 2 vs Char 4 110.21 2760 .91 27.28 .02
Char 3 vs Char 4 22.48 2145 .67 .00
Note: The degrees of freedom were (1, 11) for the pairwise comparison. Char = Characte
* p < .05.
** p < .01.
*** p < .001.sor Françoise Vitu and an anonymous reviewer for very helpful
comments. We also thank Meng Zhai, Guojie Ma, Erik Reichle,
and Ming Yan for the comments on the programming or data
analysis.Appendix A
See Table A1.Appendix B
See Table B1.Appendix C
See Table C1.een different imposed initial viewing positions for word and nonword stimuli in
time_Words Reaction time_Nonwords
MSE g2p F MSE g2p
16.00 411 .59
657 .7 1.03
629 .72 10.68 265 .49
5.04 902 .31




1041 .74 3.66+ 766 .25
r.
etween different imposed initial viewing positions for word stimuli in Experiment 2.
First fixation duration Gaze duration
g2p F MSE g2p F MSE g2p
.37 10.34 2620 .49 1.47
.66 .44 20.34 4562 .65
.49 28.17 1497 .72 65.62 2405 .86
16.50 1569 .60 9.97 2156 .48
.70 .38 6.03 3591 .35
.50 .49 22.95 5252 .68
.76 77.39 477 .88 104.28 1205 .91
.71 13.89 2647 .56 109.12 2818 .91
.00 28.28 1415 .72
r.
Table C1
Reaction time and eye movement measures: ANOVA results of the pairwise comparisons between different imposed initial viewing positions for nonword stimuli in Experiment
2.
Reaction time Refixation probability First fixation duration Gaze duration
F MSE g2p F MSE g2p F MSE g2p F MSE g2p
3-Char nonwords
Char 1 vs Char 2 .11 8.18 .02 .43 9.18 4024 .46 1.49
Char 1 vs Char 3 23.27 2088 .68 14.19 .02 .56 .31 21.74 1971 .66
Char 2 vs Char 3 27.29 2147 .71 2.25 21.60 1151 .66 60.76 1346 .85
4-Char nonwords
Char 1 vs Char 2 9.43 5721 .46 3.36+ .03 .23 12.41 922 .53 7.68 5457 .41
Char 1 vs Char 3 .61 3.05 .88 1.23
Char 1 vs Char 4 11.29 2195 .51 .73 .46 13.82 2047 .56
Char 2 vs Char 3 31.79 2659 .74 9.32 .02 .46 16.73 1603 .60 32.30 2531 .75
Char 2 vs Char 4 49.88 3045 .82 11.50 .02 .51 2.71 44.34 3136 .80
Char 3 vs Char 4 4.79 2046 .30 .00 1.33 4.21+ 1797 .28
Note: The degrees of freedom were (1, 11) for the pairwise comparison. Char = Character.
* p < .05.
** p < .01.
*** p < .001.
+ .05 < p < .10.
56 P. Liu, X. Li / Vision Research 81 (2013) 45–57References
Broerse, A. C., & Zwaan, E. J. (1966). The information value of initial letters in the
identification of words. Journal of Verbal Learning and Verbal Behavior, 5,
441–446.
Brysbaert, M., & Nazir, T. A. (2005). Visual constraints in written word recognition:
Evidence from the optimal viewing-position effect. Journal of Research in
Reading, 28, 216–228.
Brysbaert, M., Vitu, F., & Schroyens, W. (1996). The right visual field advantage and
the optimal viewing position effect: On the relation between foveal and
parafoveal word recognition. Neuropsychology, 10, 385–395.
Chinese Lexicon (2003). Produced by state key laboratory of intelligent technology and
systems. Tsinghua University and Institute of Automation, Chinese Academy of
Sciences.
Clark, J. J., & O’Regan, J. K. (1999). Word ambiguity and the optimal viewing position
in reading. Vision Research, 39, 843–857.
Deutsch, A., & Rayner, K. (1999). Initial fixation location effects in reading Hebrew
words. Language and Cognitive Processes, 14, 393–421.
Ducrot, S., & Pynte, J. (2002). What determines the eyes’ landing position in words?
Perception & Psychophysics, 64, 1130–1144.
Engbert, R., Longtin, A., & Kliegl, R. (2002). A dynamical model of saccade generation
in reading based on spatially distributed lexical processing. Vision Research, 42,
621–636.
Engbert, R., Nuthmann, A., Richter, E. M., & Kliegl, R. (2005). SWIFT: A dynamical
model of saccade generation during reading. Psychological Review, 112,
777–813.
Eriksen, B. A., & Eriksen, C. W. (1974). The importance of being first: A tachistoscopic
study of the contribution of each letter to the recognition of four-letter words.
Perception & Psychophysics, 15, 66–72.
Farid, M., & Grainger, J. (1996). How initial fixation position influences visual word
recognition: A comparison of French and Arabic. Brain and Language, 53,
351–368.
Hoosain, R. (1991). Aspects of the Chinese language. In R. Hoosain (Ed.),
Psycholinguistic implications for linguistic relativity: A case study of Chinese
(pp. 5–21). Hillsdale, New Jersey.: Lawrence Erlbaum Associates, Inc.
Hsiao, J. H., & Liu, T. T. (2012). The optimal viewing position in face recognition.
Journal of Vision, 12, 1–9.
Hyönä, J., & Bertram, R. (2011). Optimal viewing position effects in reading Finnish.
Vision Research, 51, 1279–1287.
Inhoff, A. W., & Liu, W. (1998). The perceptual span and oculomotor activity during
the reading of Chinese sentences. Journal of Experimental Psychology: Human
Perception and Performance, 24, 20–34.
Joseph, H. S. S. L., Liversedge, S. P., Blythe, H. I., White, S. J., & Rayner, K. (2009). Word
length and landing position effects during reading in children and adults. Vision
Research, 49, 2078–2086.
Kajii, N., Nazir, T. A., & Osaka, N. (2001). Eye movement control in reading unspaced
text: The case of the Japanese script. Vision Research, 41, 2503–2510.
Li, X., Liu, P., & Rayner, K. (2011). Eye movement guidance in Chinese reading: Is
there a preferred viewing location? Vision Research, 51, 1146–1156.
Li, X., & Pollatsek, A. (2011). Word knowledge influences character perception.
Psychonomics Bulletin & Review, 18, 833–839.
Li, X., Rayner, K., & Cave, K. R. (2009). On the segmentation of Chinese words during
reading. Cognitive Psychology, 58, 525–552.
McConkie, G. W., Kerr, P. W., Reddix, M. D., & Zola, D. (1988). Eye movement control
during reading: I. The location of initial eye fixations on words. Vision Research,
28, 1107–1118.McConkie, G. W., Kerr, P. W., Reddix, M. D., Zola, D., & Jacobs, A. M. (1989). Eye
movement control during reading: II. Frequency of refixating a word. Perception
& Psychophysics, 46, 245–253.
McDonald, S. A., Carpenter, R. H. S., & Shillcock, R. C. (2005). An anatomically
constrained, stochastic model of eye movement control in reading. Psychological
Review, 112, 814–840.
McDonald, S. A., & Shillcock, R. C. (2005). The implications of foveal splitting for
saccade planning in reading. Vision Research, 45, 801–820.
Nazir, T. A. (1991). On the role of refixations in letter strings: The influence of
oculomotor factors. Perception & Psychophysics, 49, 373–389.
Nazir, T. A., Ben-Boutayab, N., Decoppet, N., Deutsch, A., & Frost, R. (2004). Reading
habits, perceptual learning, and recognition of printed words. Brain and
Language, 88, 294–311.
Nuthmann, A., & Engbert, R. (2009). Mindless reading revisited: An analysis based
on the SWIFT model of eye-movement control. Vision Research, 49, 322–336.
Nuthmann, A., Engbert, R., & Kliegl, R. (2005). Mislocated fixations during reading
and the inverted optimal viewing position effect. Vision Research, 45,
2201–2217.
Nuthmann, A., Engbert, R., & Kliegl, R. (2007). The IOVP effect in mindless reading:
Experiment and modeling. Vision Research, 47, 990–1002.
O’Regan, J. K., & Jacobs, A. M. (1992). Optimal viewing position effect in word
recognition: A challenge to current theory. Journal of Experimental Psychology:
Human Perception and Performance, 18, 185–197.
O’Regan, J. K. (1990). Eye movements and reading. In E. Kowler (Ed.), Eye movements
and their role in visual and cognitive processes (pp. 395–453). Amsterdam:
Elsevier.
O’Regan, J. K., & Lévy-Schoen, A. (1987). Eye movement strategy and tactics in word
recognition and reading. In M. Coltheart (Ed.), Attention and performance XII: The
psychology of reading (pp. 363–383). Hillsdale, NJ: Erlbaum.
O’Regan, J. K., Lévy-Schoen, A., Pynte, J., & Brugaillère, B. (1984). Convenient fixation
location within isolated words of different length and structure. Journal of
Experimental Psychology: Human Perception and Performance, 10, 250–257.
Plummer, P., & Rayner, K. (2012). Effects of parafoveal word length and
orthographic features on initial fixation landing positions in reading. Attention
Perception & Psychophysics, 74, 950–963.
Pollatsek, A., Reichle, E. D., & Rayner, K. (2006). Tests of the E-Z Reader model:
Exploring the interface between cognition and eye-movement control. Cognitive
Psychology, 52, 1–56.
Rayner, K. (1979). Eye guidance in reading: Fixation locations within words.
Perception, 8, 21–30.
Rayner, K. (2009). Eye movements and attention in reading, scene perception, and
visual search. The Quarterly Journal of Experimental Psychology, 62, 1457–1506.
Rayner, K., Sereno, S. C., & Raney, G. E. (1996). Eye movement control in reading: A
comparison of two types of models. Journal of Experimental Psychology: Human
Perception and Performance, 22, 1188–1200.
Rayner, K., Slattery, T. J., Drieghe, D., & Liversedge, S. P. (2011). Eye movements and
word skipping during reading: Effects of word length and predictability. Journal
of Experimental Psychology: Human Perception and Performance, 37, 514–528.
Reichle, E. D., Pollatsek, A., Fisher, D. L., & Rayner, K. (1998). Toward a model of eye
movement control in reading. Psychological Review, 105, 125–157.
Reichle, E. D., Pollatsek, A., & Rayner, K. (2012). Using E-Z Reader to simulate eye
movements in nonreading tasks: A unified framework for understanding the
eye-mind link. Psychological Review, 119, 155–185.
Reichle, E. D., Rayner, K., & Pollatsek, A. (1999). Eye movement control in reading:
Accounting for initial fixation locations and refixations within the E-Z Reader
model. Vision Research, 39, 4403–4411.
P. Liu, X. Li / Vision Research 81 (2013) 45–57 57Reichle, E. D., Rayner, K., & Pollatsek, A. (2003). The E-Z Reader model of eye-
movement control in reading: Comparisons to other models. Behavioral and
Brain Sciences, 26, 445–526.
Reilly, R. G., & Radach, R. (2006). Some empirical tests of an interactive activation
model of eye movement control in reading. Cognitive Systems Research, 7, 34–55.
Richter, E. M., Engbert, R., & Kliegl, R. (2006). Current advances in SWIFT. Cognitive
Systems Research, 7, 23–33.
Sainio, M., Hyönä, J., Bingushi, K., & Bertram, R. (2007). The role of interword spacing
in reading Japanese: An eye movement study. Vision Research, 47, 2575–2584.
Shu, H., Zhou, W., Yan, M., & Kliegl, R. (2011). Font size modulates saccade-target
selection in Chinese reading. Attention, Perception & Psychophysics, 73, 482–490.
Tsai, J. L., & McConkie, G. W. (2003). Where do Chinese readers send their eyes? In J.
Hyona, R. Radach, & H. Deubel (Eds.), The mind’s eye: Cognitive and applied
aspects of eye movement research (pp. 159–176). Oxford: Elsevier Science.
Van der Haegen, L., Drieghe, D., & Brysbaert, M. (2010). The split fovea theory and
the leicester critique: What do the data say? Neuropsychologia, 48, 96–106.
Vitu, F., Lancelin, D., & d’Unienville, V. M. (2007). A perceptual-economy account for
the inverted-optimal viewing position effect. Journal of Experimental Psychology:
Human Perception and Performance, 33, 1220–1249.
Vitu, F., McConkie, G. W., Kerr, P., & O’Regan, J. K. (2001). Fixation location effects on
fixation durations during reading: An inverted optimal viewing position effect.
Vision Research, 41, 3513–3533.
Vitu, F., O’Regan, J. K., Inhoff, A., & Topolski, R. (1995). Mindless reading: Eye
movement characteristicsare similar in scanning letter strings and reading
texts. Perception & Psychophysics, 57, 352–364.Vitu, F., O’Regan, J. K., & Mittau, M. (1990). Optimal landing position in reading
isolated words and continuous texts. Perception & Psychophysics, 47, 583–600.
White, S. J., Hirotani, M., & Liversedge, S. P. (2012). Eye movement behaviour during
reading of Japanese sentences: Effects of word length and visual complexity.
Reading and Writing, 25, 981–1006.
White, S. J., Johnson, R. L., Liversedge, S. P., & Rayner, K. (2008). Eye movements
when reading transposed text: The importance of word-beginning letters.
Journal of Experimental Psychology: Human Perception and Performance, 34,
1261–1276.
Wong, Y. K., & Hsiao, J. H. (2012). Reading direction is sufficient to account for the
optimal viewing position in reading: The case of music reading. Paper presented
at The 34th Annual Conference of the Cognitive Science Society (CogSci2012),
Sapporo, Japan.
Yan, M., Kliegl, R., Richter, E. M., Nuthmann, A., & Shu, H. (2010). Flexible saccade-
target selection in Chinese reading. The Quarterly Journal of Experimental
Psychology, 63, 705–725.
Yan, G., Tian, H., Bai, X., & Rayner, K. (2006). The effect of word and character
frequency on the eye movements of Chinese readers. British Journal of
Psychology, 97, 259–268.
Yang, H., & McConkie, G. W. (1999). Reading Chinese: Some basic eye-movement
characteristics. In J. Wang, A. W. Inhoff, & H.-C. Chen (Eds.), Reading Chinese
script (pp. 207–222). Mahwah, New Jersey: Lawrence Erlbaum Associates.
